Introduction
============

Idiopathic nephrotic syndrome (INS) is a common glomerular disease in children. The exact pathophysiology of this disease is not well understood. However, many studies have suggested that it is immune-mediated.[@b1-jir-10-001]--[@b6-jir-10-001] These suggestions are based on the fact that most children with INS respond well to steroids and cyclophosphamide, both work on cell-mediated immunity. The fact that most attacks are triggered by viral illnesses and there is an increased incidence of allergic diseases among INS patients also supports the immune-mediated pathology.[@b1-jir-10-001]--[@b4-jir-10-001]

The role of T-cell lymphocytes in pathogenesis of INS was the core of many studies over the last 2 decades. Initially, imbalance between Th1 and Th2 helper cells with the increase in Th2 cytokines was postulated to be the key abnormality in INS.[@b7-jir-10-001]--[@b9-jir-10-001] Nevertheless, recently, a decrease in the number and/or function of T-regulatory cells (Tregs), which are important modulators of the functions of the effector T-cells, was reported to be a prerequisite for the development of INS.[@b1-jir-10-001],[@b3-jir-10-001],[@b10-jir-10-001]--[@b12-jir-10-001]

Pro-inflammatory cytokines, IL-1β and IL-6, were specifically reported to be involved in the pathophysiology of INS.[@b1-jir-10-001],[@b3-jir-10-001] The chemokine IL-8 was only recently documented to act as a soluble factor that increases glomerular basement membrane permeability.[@b1-jir-10-001],[@b4-jir-10-001],[@b13-jir-10-001]

Most previous studies reported the serum levels of IL-1β, IL-6 and IL-8 in INS patients. We believe that such cytokines are more likely produced locally in the kidneys and subsequently directly excreted in urine in order to initiate an effect on the glomerular basement membrane and subsequently provoke proteinuria. Therefore, the aim of this study was to explore the presence of IL-1β, IL6 and IL8 locally excreted in the urine of INS patients during both phases of the disease, i.e., relapse and remission, in order to speculate their role in the pathogenesis of the disease.

Patients and methods
====================

A total of 37 Caucasian children below the age of 12 years with INS were included in the study. All patients were evaluated and managed in the renal outpatient clinics at the Department of Pediatrics at Mubarak University Teaching Hospital during the period from January to December 2013.

All patients had a confirmed diagnosis of steroid-responsive INS. They were either newly diagnosed nephrotic patients at their first presentation or already known INS patients during a relapse. All patients were not on steroid treatment at the time of recruitment in the study nor during the 2 months prior to inclusion. All patients received only prednisolone during the study period with a dose of 60 mg/m^2^/day at relapse. No other immunosuppressive medication was added during the study period.

Diagnosis of nephrotic syndrome was based on the presence of edema, nephrotic range proteinuria and hypoalbuminemia.[@b14-jir-10-001],[@b15-jir-10-001] Nephrotic range proteinuria was defined as the presence of ≥40 mg/m^2^ body surface area/hour or a protein:creatinine ratio on spot early morning urine of ≥ 2.0. Hypoalbuminemia was defined as a serum albumin level of \< 25 g/L. Relapse of nephrotic syndrome was defined as the appearance of nephrotic range proteinuria or urine albumin dipstick of ≥ 2+ on 3 successive days. Remission was defined as disappearance or trace of proteinuria on albumin dipsticks for 3 successive days. Thirty healthy age-and sex-matched children of the same ethnic background were included as controls. All controls were evaluated by an experienced clinician to confirm the absence of previous illnesses or current proteinuria. All had a serum creatinine (within 15--80 μmol/L) and normal serum albumin level (range: 30--40 g/L).

Immunoassays of cytokines
-------------------------

Freshly voided urine samples were collected and centrifuged at 1500 ×*g* at 4°C for 20 minutes.

The supernatant was then collected, aliquoted and immediately frozen at −80°C till the time of assessment. Urine samples, collected from patients and controls, were analyzed to determine concentrations of secreted cytokines, IL-1β, IL6 and IL8, using FlowCytomix kits (Bender Medsystems GmbH, Vienna, Austria), according to manufacturer's instructions. These kits allow the simultaneous quantification of 10 cytokines at the same time. In brief, FlowCytomix technology is based on spectrally discrete microspheres that are used as solid phase in an immunoassay. The beads are internally dyed with Starfire Red, a far red (685--690 nm)-emitting fluorochrome, which is excited by UV, argon or HeNe lasers. The test samples were analyzed by flow cytometry using Coulter EPICS FC500 (Beckman Coulter Inc., Indianapolis, IN, USA). For each analysis, up to 10,000 events were acquired. The mean concentration of each cytokine was expressed as picogram per milliliter. Using the abovementioned kits, the minimum detectable concentrations of cytokines were IL-1β (4.2 pg/mL), IL-6 (1.2 pg/mL) and IL-8 (0.5 pg/mL).

The study was approved by the institutional ethics committee for the protection of human subjects in research at Health Sciences Center -- Kuwait University. Written informed consent was obtained from caregivers of all patients and controls. Statistical analysis and graphical presentation were performed using IBM SPSS Statistics for Windows, Version 22.0 (IBM Corporation, Armonk, NY, USA). Mann--Whitney nonparametric test was used to compare the significant difference in the values between the groups. *χ*^2^ or Fisher's exact test was applied to evaluate differences in proportions. All *P*-values are two-sided, and *P* \< 0.05 indicates the statistical significance.

Results
=======

A total of 37 patients with INS were included (24 males and 13 females). The mean age of patients at study was 6.4 ± 3.2 years (range: 14 months--12 years). All INS patients were steroid-responsive to minimal change nephrotic syndrome (MCNS). Thirteen patients were newly diagnosed with INS at presentation while the other 24 patients were frequent relapsers who relapsed while off steroids for \> 2 months. Eleven patients had renal biopsy during the course of the disease and all proved to have minimal change disease (MCNS). From those who were frequent relapsers, 14 had cyclophosphamide and 6 had cyclosporine but were off such medication for \> 6 months prior to recruiting them in the study. All patients had normal serum creatinine with a mean of 47 ± 13 μmol/L. Mean serum albumin level during relapse was 21 ± 7 g/L. [Table 1](#t1-jir-10-001){ref-type="table"} summarizes the clinical and biochemical data of the patients and controls. Mean urinary IL-1β, IL-6 and IL-8, corrected to urinary creatinine, in patients during relapse were 132.94 ± 654.97, 217.82 ± 1124.31 and 150.227 ± 523.97 pg/μmol, respectively. Compared to the same cytokines in healthy controls (9.11 ± 40.75, 0.146 ± 0.652 and 6.455 ± 24.53 pg/μmol, respectively), the difference was statistically significant (*P* = 0.02, 0.03 and 0.014, respectively). During remission, no significant difference was reported in the mean level of the 3 cytokines (11.2 ± 30.8, 0.96 ± 3.7 and 160.3 ± 735.3, respectively) compared to controls (*P* = 0.94, 0.092 and 0.076). [Figure 1](#f1-jir-10-001){ref-type="fig"} summarizes the results of IL-1β, IL-6 and IL-8 levels in INS patients and controls during relapse and remission.

Discussion
==========

The role of the immune factors in triggering a relapse of idiopathic nephrotic syndrome has been a matter of debate during the past decade. The activation of T-cells leads to release of local cytokines that work as soluble circulating factors provoking increased glomerular permeability and podocytes' barrier dysfunction with subsequent proteinuria.[@b16-jir-10-001] IL-1β and IL-6 are acute-phase proteins involved in T-cell, macrophage and B-cell activation. IL8 (CXCL8) is a chemokine produced by many cells, including macrophages, fibroblasts, renal mesangial, tubular cells and epithelial cells.[@b1-jir-10-001],[@b3-jir-10-001] It is involved in chemotaxis and angiogenesis of leukocytes.[@b4-jir-10-001] The close association of suppressed immune responsiveness with the occurrence of MCNS has suggested that the immunological and renal abnormalities in this condition have a common pathogenesis.[@b17-jir-10-001] Many previous studies reported that urine and serum from certain nephrotic patients contain soluble immune response suppressor (SIRS).[@b18-jir-10-001],[@b19-jir-10-001] Others showed an antigen-nonspecific suppressor lymphokine that inhibits antibody production in vitro[@b20-jir-10-001] as well as antibody production and delayed-type hypersensitivity response in vivo.[@b21-jir-10-001]

In our study, we detected increase in IL-1β, IL-6 and IL-8 in the urine of INS patients during relapse which disappeared, except IL-8, during remission of the disease. These findings support the assumption of the important role of these cytokines in the immune process during a relapse.

Many previous studies had documented high serum levels of these 3 cytokines in INS patients,[@b3-jir-10-001],[@b4-jir-10-001],[@b12-jir-10-001]--[@b17-jir-10-001] nevertheless the literature on the level of these cytokines in the urine of INS patients in particular and in patients with kidney disease, in general, is scarce. It is more likely that most cytokines exert their effects in situ at their site of production; therefore, their level in urine is more reflective, than serum levels, of the immune changes taking place during relapse and remission. Moreover, cytokines in the circulation might bind to their soluble receptors or other antagonistic molecules in the serum, which leads to some confusion in interpreting their exact levels and their significance.

Schnaper and Aune[@b18-jir-10-001] in their study on the SIRS lymphokine in the urine of nephrotic children had reported the increased levels of SIRS in the urine of the majority of INS patients studied (11 patients) while SIRS was increased in the serum of only some of these patients (4 patients). This supports the superiority of urine cytokine levels over serum levels in reflecting the immune process in the kidneys in INS.

Previous reports had suggested that some factors may increase the permeability of the glomerular basement membrane (GBM) in the kidneys.[@b22-jir-10-001],[@b23-jir-10-001] Moreover, these pro-inflammatory cytokines had distinctive roles not only in disease pathology but also played a critical role as progressive factors in INS.[@b24-jir-10-001],[@b25-jir-10-001] Zhang et al[@b26-jir-10-001] have shown that IL-6 plays an important role in angiotensin II-induced hypertension, proteinuria and renal fibrosis in chronic kidney disease (CKD). IL-6 was increased in the renal biopsies of CKD patients compared to normal control, and its levels were further elevated in CKD patients with hypertension. Zhang's work on IL-6 deficient mice has provided direct evidence of the effect of IL-6 on GBM in the kidneys.[@b26-jir-10-001]

IL-8 (also named CXCL-8) was shown to induce changes in the permeability of the GBM via decreasing the synthesis of heparan sulfate proteoglycans, which eventually induced proteinuria in rats.[@b7-jir-10-001] Podocytes express CXCR chemokine receptors and usually has the potential to respond to various soluble products of the immune system.[@b27-jir-10-001]

The decrease in IL-1β and IL-6 urinary levels, but not IL-8, in INS patients during remission is expected and probably a response to treatment with steroids. Similarly, Schnaper and Aune[@b18-jir-10-001] could elicit that suppressive activity disappeared from the urine of INS patients after the initiation of treatment but before remission of NS.

Our finding of high levels of IL-8 during remission may suggest a prolonged exertion of such cytokine or probably a decreased urinary clearance rates or slow degradation of the cytokine.

While conducting this study we faced some limitations that had limited the number of patients recruited in this study. Many patients were recruited at the beginning, and a relapse urine sample was taken but unfortunately no relapse samples were collected as these patients did not show up for follow-up and subsequently had to be excluded.

Conclusion
==========

The 3 pro-inflammatory cytokines, IL-1β, IL-6 and IL-8, play a major role during relapse in INS. Identifying such role might be a crucial step in paving the way to adopt novel therapeutic steroid-sparing options such as interleukin antibodies specific to these cytokines.
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###### 

Clinical and laboratory data of patients with INS and controls

  ------------------------------------------------------------------------------
  Patients' parameters              INS patients\   Controls\     Normal range
                                    (n = 37)        (n = 30)      
  --------------------------------- --------------- ------------- --------------
  Mean age (years)                  6.4 ± 3.2       7.1 ± 2.3     

  Sex                                                             

   Male                             24              19            

   Female                           13              11            

  Mean serum creatinine (μmol/L)    47 ± 13         51 ± 11       15--88

  Mean serum protein (g/L)          52 + 6          72 + 2        6--80

  Mean serum albumin (g/L)          21 ± 7          36 ± 3        30--40

  Mean serum cholesterol (mmol/L)   6.3 ± 0.7       3.1 ± 1.5     3.1--5.2

  Mean UP:Cr ratio (mg/mg)          2.6 ± 0.4       0.02 ± 0.07   ≤ 0.2
  ------------------------------------------------------------------------------

**Abbreviations:** INS, idiopathic nephrotic syndrome; UP, urine protein; Cr, creatinine
